As the results of the Human Genome Project are realised, screening for genetic mutations that predispose to preventable disease is becoming increasingly possible. How and where such screening should best be offered are critical, unanswered questions. This study aimed to assess the acceptability and feasibility of genetic screening for preventable disease, using the model of hereditary haemochromatosis, in high-school students. Screening was offered for the HFE C282Y substitution to 17 638 students. Questionnaires were administered at the time of screening (Q1) and approximately 1 month after results were communicated (Q2). Outcomes assessed were uptake of screening, change in scores of validated anxiety, affect and health perception scales from Q1 to Q2, knowledge and iron indices in C282Y homozygous individuals. A total of 5757 (32.6%) students had screening and 28 C282Y-homozygous individuals (1 in 206) were identified, and none of the 27 individuals who had iron indices measures had significant iron overload. There was no significant change in measures of anxiety, affect or health perception in C282Y homozygous or non-homozygous individuals. Over 86% of students answered each of five knowledge questions correctly at Q1. Genetic population-based screening for a preventable disease can be offered in schools in a way that results in minimal morbidity for those identified at high risk of disease. The results of this study are not only relevant for haemochromatosis, but for other genetic markers of preventable disease such as those for cardiovascular disease and cancer.
INTRODUCTION
As the results of the human genome project are realised, the ability to screen individuals for genetic alterations that predispose to preventable disease has increased exponentially. Genetic screening is likely to significantly impact the prevention of a range of disorders, including cancer 1 and cardiovascular disease 2 particularly if implemented at the population level as knowledge about genetic impact on diseases and risks associated with population screening processes are better understood.
Genetic screening for carrier status of heterozygous mutations for recessive diseases such as Tay Sachs disease and b-thalassaemia has been available since the 1970s. The incidence of these conditions in screened populations has been markedly decreased. 3 By contrast, there is little population genetic screening for risk of disease in the individual being screened. Hereditary haemochromatosis (HH; OMIM 235200), a disorder of iron overload that can result in liver cirrhosis and hepatocellular carcinoma, is an ideal condition to understand further issues regarding population-based genetic screening processes, as the genetics of the disease are well understood. 4 Importantly, HH is common with over two million individuals homozygous for the HFE 845G-A transition (that results in the C282Y amino acid substitution), the commonest mutation that results in HH, and thus at risk of disease, in the United States and Europe alone. Controversy exists regarding the penetrance of disease in those homozygous for this mutation. A large cross-sectional study reported a penetrance of less than 1% 5 although the methodology of this study was criticised. [6] [7] [8] We conducted a longitudinal study of disease in 142 individuals homozygous for this mutation and found a minimum penetrance for iron overload-related disease of 28.4% for male subjects and 1.2% for female subjects. 4 HH is both preventable and treatable by the simple procedure of venesection.
Various models for population-based genetic screening have been proposed. These include the primary healthcare setting, 9 the workplace, 10 as part of newborn screening 11 and more recently high schools. 12 High-school screening for carrier status for recessive diseases such as Tay Sachs disease and cystic fibrosis, for future reproductive risk, has been conducted since the 1970s. 13, 14 High schools may be an ideal setting for successful population screening programmes; however, there have been no large-scale studies of high-school genetic screening programmes for preventable disease in the screened individual.
We aimed to assess whether population-based genetic screening for preventable disease using HH as the model is acceptable and feasible in the high-school setting. We hypothesised that screening would not result in psychological morbidity and that screened individuals would take steps to prevent iron overload. We adopted a programme evaluation approach 15 that included five stages: (1) negotiation and planning, comprising needs assessment and stakeholder input; 15 (2) programme development and formal evaluation; 16 (3) programme implementation; (4) evaluation of short-term outcomes; and (5) evaluation of long-term outcomes. Here we present data in relation to evaluation questions from stages 3 and 4, based on assessment of 5757-screened students.
MATERIALS AND METHODS
The methods of subject recruitment and data collection have been described in detail previously and are summarised in Figure 1 . 16 Briefly, students at randomly selected schools that represented the four main school types (urban and rural, government and non-government schools) were shown a purposely designed educational DVD. Following this, they were provided with a parent information pack to take home. Approximately 2 weeks later, students with parental consent, who also provided their own consent, were screened for the HFE 845G-A transition by a self-administered cheek brush test. Approval for this study was granted by the Ethics in Human Research Committee of the Department of Human Services, Victoria, Australia. An agreement was reached with the Australian insurance industry peak body that ensured that any person found to be homozygous for the HFE 845G-A transition, but without evidence of organ damage would not be disadvantaged in obtaining insurance. 17 There were three possible outcomes of screening: individuals homozygous (henceforth termed YY), heterozygous (CY) and homozygous wild type (CC) for the C282Y substitution. Screening results were provided to parents and students through their home contact details. Those found to be CY or CC received a letter to their home address stating that the student is at very low risk of developing HH. YY individuals and their parents were advised of the result by telephone by a genetic counsellor. A blood test was arranged at that time to confirm the genetic test result and to measure iron indices. They were also invited to attend a clinic to have a formal clinical assessment and further genetic counselling. The genetic counselling included information about the genetic and clinical aspects of HH that included the option of becoming a blood donor, the penetrance of disease, based on the results of our previous study 4 including the different risks for male and female subjects and risk to and availability of genetic testing for family members.
Assessment tools
At the time of screening, students were asked to complete a baseline questionnaire (Q1), which can be accessed at http://www.ironxs.com.au/questionnaire/.
Some parents/students provided consent for only the questionnaire component of the study. 16 A follow-up questionnaire (Q2) was sent 1 month after receiving the test results to all YY and CY individuals, and to approximately one in seven randomly selected CC individuals. The questionnaires included previously validated or tested items: (1) demographic details (recorded in Q1); (2) the General Health Perception sub-scale of the Medical Outcomes Survey, SF-36 that measures self-assessed health status; 18 (3) the state component of the short form of the Spielberger State-Trait Anxiety Inventory, a measure of transitory anxiety; 19, 20 (4) the Positive and Negative Affect Schedule (PANAS); 21, 22 and (5) the intrusion sub-scale of the Impact of Event Scale, a tool that measures psychological response to a particular stressor as manifested by the extent of intrusive thoughts. 23 In this case, the stressor was being at risk of developing HH. Items 2 to 4, above, were measured both in Q1 and Q2, whereas item 5 was only measured in Q2.
Understanding of four key concepts presented in the pre-test education programme was measured with five multiple-choice questions described previously. 16 The concepts tested were knowledge of: (1) the aetiology of HH; (2) the symptoms of HH; (3) prevention and treatment for those at high risk of HH; and (4) penetrance of the C282Y substitution.
All YY individuals were invited to attend a follow-up clinic within 1 month of receiving their result by telephone. A standardised clinical evaluation directed towards complications of HH was performed by one of two study physicians (KJA, MBD).
Statistical analysis
Data were analysed using STATA IC/10.0. (StataCorp, College Station, TX, USA). Descriptive statistics were used to describe the sample in terms of demographic, clinical and psychological characteristics. Total numbers within categories differ slightly for each variable due to missing data for some questions. Statistical significance of differences in mean levels of continuous variables between YY and non-YY (ie, CY and CC) individuals was assessed by independent sample t-tests. The statistical significance of group differences in categorical variables was assessed using w 2 -tests of association with Yates correction. Statistical significance of mean differences between baseline and follow-up scores for anxiety and general health perception was assessed using paired t-tests. A P-value o0.05 was considered to be statistically significant.
RESULTS
The screening process A total of 17 638 students from 62 schools were offered screening, of whom 5757 (32.6%) had genetic testing. The uptake was significantly 
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School visits: 1) site visit, 2) education day (students take home information pack),
3) screening and questionnaire day (2 weeks later) Figure 1 The process of the described program.
High-school haemochromatosis screening MB Delatycki et al higher in non-government (37.9%) than government (26.9%) schools (w 2 ¼243, Po0.001; Table 1 ). There was a significant negative correlation between the size of the group of students offered screening and the uptake (Supplementary Figure 1) . That is, on average, the smaller the group at the education session, the higher the percentage of students who had screening. The mean age of participants was 15.6 (SD¼0.7) years (range 14-18). Twenty-eight students were identified as YY (1 in 206) and 586 students were identified as CY (1 in 10; Table 2 ). The gender distribution of the students in the study and the proportion with selfreported Northern European ethnic origin are also shown in Table 2 . CY and YY individuals were more likely to report being of Northern European ancestry (82.2%) compared with CC individuals (63.6%; w 2 ¼84.8, Po0.001).
Questionnaire outcomes
The proportion of participants who returned Q2 was 28/28 (100%) for YY individuals, 461/570 (80.9%) for CY individuals and 644/807 (79.8%) for CC individuals.
The results of a number of measures of psychological status (Spielberger State-Trait Anxiety Inventory, SF36, PANAS-positive and PANAS-negative) conducted at the time of testing (Q1) were compared with the same measures completed after the students were aware of their genetic status (Q2). There was no significant difference in any of the measures before testing compared with after receiving results for any of the measures for YY or non-YY individuals ( Table 3) . The impact of events scale did not show any significant negative impact of the test result for either YY or non-YY individuals as evidenced by the low mean scores. The vast majority of YY (93%) and non-YY individuals (89%) were pleased they had testing. Almost all YY (93%) and most non-YY individuals (72%) remembered the number of copies of the C282Y substitution that they were found to have. Table 1 ). Transferrin saturation was elevated in 7/13 (53.8%) male individuals and 5/14 (35.7%) female individuals (w 2 ¼0.90, P¼0.34). Only one male individual (320 mg/l) and one female individual (261 mg/l) had raised serum ferritin, and in both cases, it was only marginally raised above the upper limit of normal for gender (300 mg/l for male individuals and 200 mg/l for female individuals).
HH morbidity

Knowledge
At baseline (Q1), more than 86% of students correctly answered each of the five knowledge questions (Supplementary Table 2 ). One month after results were received, YY individuals maintained high knowledge levels for all but one question, although non-YY individuals had a significant reduction in knowledge for three of the five questions.
Reasons for choosing to be screened Students were asked in Q1, the reason they chose to have screening. The most commonly cited reason was that they wished to find out The PANAS scale comprises 20 items (10 items comprise the PANASP and 10 items the PANASN subscales) with a five-point scale for each item ranging from very slightly (1) to extremely (5). The two subscales therefore have a scoring range of 10-50, where a higher score indicates greater affect. f IES scores (measured in Q2 only) range from 0 to 35 with a higher score indicating a higher stress response. A score of 9 or higher has been suggested to be clinically significant in a study of the impact of genetic testing. 35 their risk of HH (62.2%). Less common responses were that their parents wanted them to have screening (13.3%) and that it was easy (9.8%) or free (9.7%) to have testing. Less than 1% indicated that the decisions of their friends/peers influenced their participation.
DISCUSSION
Genetic screening for a preventable disease in a school setting was both acceptable and feasible as evidenced by no adverse psychological consequences, very high knowledge levels and high levels of satisfaction with the process of screening amongst those who participated. Using a two-step consent process requiring both written parental and student consent, participation was lower than for previous one-step school-based programmes, 24 suggesting that consenting processes need to be efficient to facilitate optimal uptake. The strengths of this study are that this is the single largest population-based study to date of genetic screening in schools. The schools were population-representative and as such, results can be readily translatable to the general population. High questionnaire return rates minimise responder bias, and the large number of YY individuals identified enabled us to be confident that the study is sufficiently powered to identify any major negative consequences.
The major limitation of this study is low uptake by study participants, which is most likely due to the two-step consenting process. We believe uptake would be higher if only written student consent was required for the following reasons. In an attitudinal study conducted before the current study, 68% of students indicated that they definitely or probably would have HH screening were it to be offered. 12 Furthermore, there was a more than 95% uptake of screening for Tay Sachs disease and related conditions, in high schools where written parental consent was not required. 24 In addition, when we offered HH screening as part of a workplace study, 90% of university students who were offered screening chose to be screened. 10 The university students were on average 2-3 years older than the students in the current cohort.
Unfortunately, we were unable to ask students the reasons for why they did not have screening, as this required parental consent, which we did not have for the vast majority of students in this category. To explore this issue further, we sought to undertake a study to assess screening uptake where parents could opt-out of allowing their children to participate, but without the requirement of written parental consent; however, the Ethics Committee did not allow this to take place.
A major concern that has been raised in relation to screening for HH is that individuals found to be at high risk will be adversely affected psychologically. 25 One study found some negative emotional responses following the diagnosis of HH by population screening, 26, 27 whereas others have not. 10, 28, 29 Psychological morbidity from the screening process in the current study was assessed by administration of validated questionnaires before and after students were made aware of their genetic status. This enabled change in status to be assessed. There was no evidence that psychological morbidity results from students learning that they are at risk of HH. This is likely because morbidity from HH is preventable if the individual maintains normal iron indices by venesection. The students received pre-test information by a purpose-designed DVD and then YY individuals had information provided face-to-face by a physician and genetic counsellor after receiving their result. The fact that HH does not result in disease in all YY individuals and is preventable was reinforced a number of times, both in the pretest education and in the post-result consultation. We found similar results to this in a workplace HH screening study. 10 In this study, knowledge levels were very high following one-to-many education, indicating that in terms of understanding, consent was informed. More than 86% of students answered each of the knowledge questions correctly at baseline. This is higher than was the case for the workplace study we conducted previously in which questions related to the genetic concepts of penetrance and genetic heterogeneity were answered incorrectly 4 25% more often than in the current study. 30 One possible reason for the differences is the fact that in the current study, the educational DVD was much more targeted to the audience compared to the workplace study. Another possible reason is that school students are in an educational environment and so may be more open to complex concepts than individuals in the workplace. Finally, some of the students had studied genetics and so may have been aware of these concepts before the screening programme visiting their school.
A concern with offering screening to high-school students is that peer pressure will unduly influence decision-making. 31 Less than 1% of students indicated that their friends having screening was the major influence in their decision to have screening. Although this does not completely alleviate concerns in relation to this issue, it provides significant reassurance. About 13% of students noted that parental wishes were most important in the decision to be screened. This indicates that for a minority of students, the decision to be screened was not entirely their own, although it does not mean that those students had screening against their wishes.
The issue of whether community screening for HH should be introduced is a controversial one. 32, 33 There are many factors that need to be considered before such a programme is introduced. These include the burden of disease, whether or not there is an acceptable preventive intervention and health economic considerations to name some. For HH, a major issue in relation to whether community screening should be introduced is the disease penetrance. 4, 5 Our recent longitudinal study indicates that penetrance in YY male subjects is considerable, but is low in YY female subjects. 4 These issues are important not only in deciding whether to introduce screening in the community, but also for individuals in deciding whether they wish to have screening. For the current study, insurance concerns were largely negated by the agreement reached with the Australian insurance industry. 17 Similar agreements do not exist in other jurisdictions and so would need to be addressed before HH screening programmes could be introduced, albeit that insurance discrimination in HH appears to be rare. 34 In conclusion, this study has demonstrated that genetic populationbased screening for a preventable disease can be offered in a schoolbased setting in a way that results in minimal morbidity for those identified as being at high risk of disease. Our study found that young people are able to make informed decisions about whether or not they wish to have screening and have a high level of satisfaction with the screening process. The results of this study are not only relevant for HH, but for other genetic markers of preventable disease such as those for cardiovascular disease and cancer.
